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Abstract

Colour patterns are diverse in trichomycterine catfishes and are often used to diagnose species. Here, we analyse the first case of
adults of two syntopic species of Trichomycterus sharing nearly identical colour patterns: a rare new species of the subgenus Para-
cambeva and Trichomycterus maculosus, a distantly related species of the subgenus Trichomycterus. Both species are endemic to the
upper Rio Paraiba do Sul basin (RPSB), which had a different course until the Tertiary period and is situated within the Southeastern
Brazilian Continental Rift, mostly active in the Eocene-Oligocene. A time-calibrated multigene analysis, 3144 bp, supported the
new species as sister to Trichomycterus itatiayae, both comprising a lineage with Middle Miocene age, when that colour pattern
would have first arisen. The new species is diagnosed by characters from the latero-sensory system and bone morphology. Our
results, combined with available biogeographical data, indicated the colour pattern of 7. maculosus arising in the Late Pliocene,
following the dispersal of its group to the upper RPSB after river course changing. Two hypotheses for the independent origin of
the same colour pattern are discussed. First, a case of evolutionary convergence for adaptation to live on a similarly coloured gravel
substrate, giving some cryptic advantage against predators. Second, mimetic association through anti-predation features. In the latter
case, although trichomycterids lack fin spines to inoculate venom as in other catfishes, the species here studied have a supposed
axillary gland above the pectoral fin, just posterior to the opercular odontodes, but with properties and functions still unknown.
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Introduction

Colouration has an important role in the biology of teleost
fish species, involving attributes related to their behaviour
and ecology (e.g., Price et al. 2008). Colour patterns are par-
ticularly diverse among the Trichomycterinae (Eigenmann
1918), one of the most diverse groups of Neotropical catfish-
es, and as a consequence, they have been frequently used to
diagnose species and groups since the 19" century (Valenci-
ennes 1832). During field studies, colour patterns are often
the primary tool to distinguish sympatric trichomycterine
species, although chromatic polymorphism within species

is not uncommon (Arratia et al. 1978; Sarmento-Soares et
al. 2005; da Silva et al. 2010; Costa et al. 2023a; Vilardo et
al. 2023). On the other hand, the occurrence of sympatric,
non-closely related trichomycterine species exhibiting iden-
tical colour patterns is a rarely reported event (Costa et al.
2020a; Reis et al. 2020). The only report of two distantly
related trichomycterines with the same colour pattern and
found sharing the same habitat was made by Barbosa and
Costa (2008) for Trichomycterus itatiayae Miranda Ribeiro,
1906, a species of the subgenus Paracambeva Costa, 2021,
and Trichomycterus nigroauratus Barbosa & Costa, 2008 of
the subgenus Trichomycterus (Costa 2021).
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Herein we first report a rare new trichomycterine cat-
fish species, with only four specimens found in the last
two collections of six collecting trips between 1991 and
2023 to the upper Rio do Peixe drainage, Rio Paraiba do
Sul basin (hereafter RPSB), southeastern Brazil. This
species is morphologically similar to the syntopic Tricho-
mycterus maculosus Barbosa & Costa, 2010, which is sis-
ter to 7. nigroauratus. Specimens of this new species had
a colour pattern approximately identical to that exhibited
by larger adult specimens above 70 mm SL of T maculo-
sus (small spots on the dorsal part of the flank and a nar-
row dark grey longitudinal stripe along the flank midline;
see description and included illustrations below), found
in the same habitat (i.e., over gravel stream bottom). The
two species are externally distinguishable by a few char-
acters, comprising the relative position of the dorsal and
anal fins, with the anal-fin origin positioned at a vertical
line through the posterior-most portion of the dorsal-fin
base in T maculosus, vs. at a vertical line just posterior to
the middle of the dorsal-fin base in the new species; num-
ber of pectoral-fin rays, eight in 7. maculosus vs. seven
in the new species; and body depth, with 7. maculosus
being more slender than the new species, reaching 12.8—
13.8% of the standard length (SL) in 7. maculosus, vs.
16.6-20.0% SL in the new species. Preliminary analysis
in the laboratory revealed that the new species is sister to
T. itatiayae, a member of Paracambeva, thus contrasting
with the syntopic 7. maculosus, a common species en-
demic to the upper Rio do Peixe drainage, belonging to
the Trichomycterus nigroauratus group of the subgenus
Trichomycterus (Barbosa and Costa 2010; Costa 2021).
Paracambeva is diagnosed by an anterior infraorbital
canal not attached to the lacrimal, a relatively short in-
teropercle, and a relatively slender parapophysis of the
second free vertebra (Costa 2021).

The new species and 7. maculosus are only known
from streams belonging to the upper Rio do Peixe drain-
age, Rio Paraiba do Sul basin (hereafter RPSB), in the
southern plateau of the Serra da Mantiqueira, a mountain
range that is an important centre of biodiversity in the
Atlantic Forest, with a great concentration of endemic
trichomycterines of the genus Trichomycterus Valenci-
ennes, 1832 (e.g., Costa and Katz 2021). The origin of
the southern plateau of the Serra da Mantiqueira is relat-
ed to an uplift during the Neo-Cretaceous as a result of
the process of separation of the South American and Af-
rican plates (Riccomini et al. 2004, 2010). The southern
plateau of the Serra da Mantiqueira is presently a divisor
between the Rio Parana basin and the RPSB. Geological
evidence indicates that the upper portion of the present
RPSB, including all the area today inhabited by the new
species 7. itatiayae, T. maculosus, and T. nigroauratus
between the Neo-Cretaceous and the Tertiary, had a dif-
ferent course, directed to the northwest and being con-
nected to the Rio Tieté drainage, the Rio Parana basin,
instead of the middle and lower sections of the RPSB
(King 1956; Riccomini et al. 2010). In addition, the Rio
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do Peixe drainage is situated in a core area of the region
known as the South-eastern Brazilian Continental Rift,
which had its greatest development in the Eocene-Oligo-
cene, including the paleo-lake Tremembé formed during
the Oligocene (e.g., Riccomini et al. 2004, 2010). The
objectives of the present study are to describe the new
species, perform a time-calibrated analysis to test the po-
sitioning of the new species, and infer the timing of the
origin of derived colour patterns in both lineages using a
biogeographical temporal context.

Materials and methods
Specimens

Field procedures were approved by CEUA-UFRJ (Eth-
ics Committee for Animal Use of the Federal University
of Rio de Janeiro; permit numbers: 065/18 and 084/23)
and collecting permits were given by ICMBio (Instituto
Chico Mendes de Conservacao da Biodiversidade; permit
number: 38553-11). For details about specimen euthana-
sia, fixation, and conservation, see Costa et al. (2023b).
Specimens were deposited in the ichthyological collec-
tion of the Instituto de Biologia, Universidade Federal
do Rio de Janeiro (UFRJ). Comparative material is list-
ed in Barbosa and Costa (2008), Costa and Katz (2021),
and Costa et al. (2023b). A complete list of specimens
used in morphological comparisons, with their respective
catalogue numbers and locality coordinates, appears in
Suppl. material 1.

Morphological data

Methods for taking and describing morphological charac-
ters were according to recent studies on Paracambeva, in-
cluding morphometric and meristic data following Costa
(1992) and Costa et al. (2020b), osteological preparations
following Taylor and Van Dyke’s (1985), latero-senso-
ry system nomenclature following Arratia and Huaquin
(1995) and Bockmann and Sazima (2004), bone terminol-
ogy following Costa (2021) and Kubicek (2022), and fin
ray formulae following Bockmann and Sazima (2004).

DNA extraction, amplification, and sequencing

Methods for DNA extraction, amplification, and sequenc-
ing followed the most recent phylogenetic analysis of
Paracambeva (Costa et al. 2023b), with PCR reactions
performed in 45 pl with the following reagent concen-
trations: 5x GreenGoTaq Reaction Buffer (Promega), 1.0
mM MgCl, 1 uM of each primer, 0.2 mM of each dNTP,
1 u of Promega GoTaq Hot Start polymerase, and 50 ng
of total genomic DNA; thermal profile: 95 °C for 5 min;
35 cycles of 94 °C for 1 min; 50-60 °C for 1-1.5 min;
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and 73 °C for 7 min; sequencing reactions performed in
20 pL reaction volumes containing 4 pL. BigDye, 2 pL
sequencing buffer 5x (Applied Biosystems), 2 uL of the
PCR products (3040 ng), 2 pL primer, and 10 pL ul-
trapure water; and the thermal profile was 35 cycles of
30 sat95°C,30sat55°C, and 1.5 min at 73 °C. Prim-
ers used for mitochondrially encoded genes were: Cytb
Siluri F and Cytb Siluri R (Villa-Verde et al. 2012) for
cytochrome b (CYTB); FISHF1 and FISHRI (Ward et
al. 2005) for cytochrome c oxidase I (COX1). Primers
for the nuclear encoded genes were: MYH6 TRICHO
F and MYH6 TRICHO R (Costa et al. 2020c) for myo-
sin heavy chain 6 (MYH6), and RAG2 TRICHO F and
RAG2 TRICHO R (Costa et al. 2020c) for recombination
activating 2 (RAG2). MEGA 11 (Tamura et al. 2021) was
used to read and interpret sequencing chromatograms, to
perform the sequence annotation, and to translate DNA
sequences into amino acid residues to verify the absence
of premature stop codons or indels. GenBank accession
numbers are in Table 1.

Phylogenetic analyses

The terminal taxa for the phylogenetic analyses include
all species of Paracambeva, including the new species
herein described, and all species of the subgenus Tricho-
mycterus. The remaining species of Trichomycterus and
outgroups included in the analysis are the same as those
used in Costa et al. (2023b). See Costa et al. (2023b) for
justification for outgroup selection. Each gene dataset
was aligned using the Clustal W algorithm (Chenna et
al. 2003) implemented in MEGA 11 and analysed for
determination of the optimal partitioning and evolu-
tionary models (Table 2) using the Corrected Akaike
Information (AICc) in PartitionFinder 2.1.1 (Lanfear et
al. 2016). Phylogenetic analyses followed the methods
described in Costa et al. 2023b), comprising Bayesian
Inference performed with Beast 1.10.4 (Suchard et al.
2018), using the Yule process as the tree prior (Gern-
hard, 2008), two independent Markov chain Monte
Carlo (MCMC) runs with 9 x 107 generations with a

Table 1. Terminal taxa and GenBank accession numbers by gene used in molecular analyses.

col CYTB RAG2 MYH6

Diplomystes nahuelbutaensis AP012011.1 MN640590 DQ492317 -
Callichthys callichthys Mz051783.1 KP960058 DQ492324 -
Corydoras panda NC049097.1 NC049097.1 KP960362.1 -
Nematogenys inermis EU359428 - KY858182.1 KY858107.1
Trichogenes longipinnis 00810037 MK123704 MF431117 MF431104.1
Microcambeva ribeirae MN385807.1 0K334290 MN385832 MN385819.1
‘Trichomycterus’ areolatus AP012026.1 FJ772214 KY858188 -
ftuglanis boitata 00810038 MK123706 MK123758 MK123734.1
Cambeva barbosae MK123689 MK123713 MN385820 MK123740.1
Scleronema minutum MK123685 MK123707 MK123759.1 KY858109.1
Trichomycterus nigricans MN813005.1 MT470415.1 MK123765.1 MK123750.1
Trichomycterus albinotatus MN813007.1 MT459172.1 MN812990.1 MK123743.1
Trichomycterus brasiliensis MT470418.1 MT470418.1 MK123763.1 MK123744.1
Trichomycterus itatiayae MW671552 MW679291 0R995282 0L779229
Trichomycterus reinhardti MK123698.1 MK123727.1 MK123698.1 MF431106.1
Trichomycterus funebris MT941786.1 MT941823.1 KY858194 KY858121
Trichomycterus pauciradiatus MT941796 MT941833 MW196782 MW196769.1
Trichomycterus ingaiensis MT941790 MT941829 0R995283 -
Trichomycterus piratymbara KY857970 KY858040 KY858121 KY858194
Trichomycterus sainthilairei MT941814 MT941851 0R995284 -
Trichomycterus septemradiatus MK123700 MK123729 MW196781 MK123755.1
Trichomycterus humboldti MT941787 MT941824 0OR995285 -
Trichomycterus luetkeni MT941793 MT941831 KY858214 KY858148
Trichomycterus anaisae MT941782 MT941820 0R995286 -
Trichomycterus coelhorum OR981611 00660192 00660183 -
Trichomycterus adautoleitei OR981612 0Q660193 - -
Trichomycterus antiquus OR981613 OR995280 0OR995287 -
Trichomycterus giganteus MK123693.1 MK123720 MT446426 MK123746.1
Trichomycterus maculosus MN813010.1 0OR995281 MN812994.1 MN812998.1
Trichomycterus nigroauratus MK123696 0K247569 MK123766 MK123751.1
Trichomycterus quintus MT299917.1 MN812999 - MT305242.1
Trichomycterus mutabilicolor OR981614 0K247576 - -
Trichomycterus santaeritae MN813009 MN813001 MN812993 MN812997
Trichomycterus immaculatus MK123694 MK144348 MF431120 MK123747
Trichomycterus santaeritae MN813009 MN813001 MN812993 MN812997
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Table 2. Best-fitting partition schemes with the respective num-
ber of base pairs and the best-suited evolutionary models.

Partition Base pairs Evolutive Model

COX1 3¢ 251 TRN+I+G
COX1 1+t 251 TRN+I+G
COX1 2, CYTB 2 594 GTR+I+G
CYTB 3¢ 343 GTR+G
CYTB 1+ 343 GTR+I+G
RAG2 2, RAG2 1%t 546 SYM+G
RAG2 3 273 GTR+G
MYH6 1+ 181 GTR+G
MYH6 2nd 181 TRN

MYH6 31 181 K80+G

sampling frequency of 1000; determination of the con-
vergence of the MCMC chains and the proper burn-in
values through the stationary phase of the runs using the
effective sample size analysed with Tracer 1.7.1 (Ram-
baut et al. 2018), combination of generated trees using
LogCombiner v.1.10.4 (Suchard et al. 2018) following
a 25% burn-in at the outset of each run, and calcula-
tion of the consensus tree and Bayesian posterior prob-
abilities using Tree Annotator version 1.10.4 (Suchard
at al., 2018); and Maximum Likelihood analysis per-
formed with IQTREE 2.2.2.6 (Minh et al. 2020), with
support node expressed by ultrafast bootstrap (Hoang
et al. 2018) and the Shimodaira-Hasegawa-like approx-
imate likelihood ratio test (SH-aLRT; Guindon et al.
2010), both using 1000 replicates. In order to evaluate
the contribution of each genetic locus dataset analysed,
we generated individual trees for each of the nuclear
genes and one for the mitochondrial genes, using ML
as above described.

Divergence-time estimation

The divergence time analysis was conducted in Beast
1.10.4 using the same dataset, partitions, evolution
models, and parameters as described above. Addition-
ally, the analysis incorporated a lognormal uncorrelated
relaxed clock model and a Yule speciation process as
the tree prior (Gernhard 2008). Calibration points were
established as follows: the origin of the Trichomycteri-
dae with a normal prior distribution (mean = 106 MA,
SD = 5.0), following the estimative of Betancur-R et
al. (2015), which is often used as an indirect calibra-
tion strategy in other studies on trichomycterids (e.g.,
Ochoa et al. 2017; Vilardo et al. 2023); and the origin of
the genus Corydoras with a lognormal prior distribution
(mean =55 MA, SD = 1), based on the dating of Coryd-
oras revelatus Cockerell, 1925, the oldest known fossil
of callichthyid catfishes. MCMC chains were assessed
to verify convergence by evaluating the effective sample
size of the runs in Tracer 1.7.1. The time-scaled tree was
obtained using Tree Annotator version 1.10.4 to gener-
ate the consensus tree.
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Results

Taxonomic accounts

Trichomycterus (Paracambeva) antiquus sp. nov.
https://zoobank.org/
Figs 1-3, Table 3

Type material. Holotype. BraziL ¢ 1 ex., 72.2 mm SL;
Estado de Sao Paulo: Municipio de Sdo José dos Campos:
small stream tributary of the Rio Santa Barbara, Rio do
Peixe drainage, Rio Paraiba do Sul basin, Sdo Francisco
Xavier, Serra dos Poncianos, part of the Serra da Man-
tiqueira; 22°51'47"S, 45°54'60"W; about 980 m asl; 21
April 2023; C.R.M. Feltrin, leg.; UFRJ 13674.

Paratypes. (all from Estado de Sdo Paulo: Municipio de
Sao José do Campos: Rio do Peixe drainage, Rio Paraiba
do Sul basin, Sdo Francisco Xavier, Serra dos Poncianos,
part of the Serra da Mantiqueira): BRAZIL ¢ 1 ex., 75.6
mm SL (stained with alizarin and partially dissected);
collected with holotype; UFRJ 13673; 1 ex., 79.1 mm
SL; stream tributary of Rio Santa Barbara; 22°53'45"S,
45°56'34"W; about 765 m asl; same collector and date as
holotype; UFRJ 13681; 1 ex., 44.5 mm SL (cleared and
stained for osteological analysis); same locality and col-
lector as holotype; 29 October 2023; UFRJ 14201.

Diagnosis. Trichomycterus antiquus is distinguished
from all other species of Paracambeva, except T. itatiayae,
by having a relatively large head, its length 20.4-22.8% SL
(vs. 11.4-18.1% SL), the presence of a deep concavity on
the postero-ventral margin of the metapterygoid, accom-
modating a pronounced expansion of the postero-dorsal
quadrate outgrown (Fig. 3B, see also Costa 2021: fig. 3B
for similar condition in 7. itatiayae; vs. metapterygoid con-
cavity, when present, never deep and quadrate expansion,
when present, never pronounced in other species of Para-
cambeva, e.g. Costa et al. 2023b: figs. 6G, H) and the pres-
ence of a a deep U-shaped concavity on the dorsal margin
of the anterior hyomandibular anterior outgrown (Fig. 3B,
see also Costa 2021: fig. 3B for similar condition in 7. ita-
tiayae; vs. concavity, when present, never U-shaped, e.g.
Costa et al. 2023b: figs. 6G, H). Trichomycterus antiquus
differs from 7. itatiayae by the presence of the anterior
infraorbital canal (vs. absence), jaw teeth sharply point-
ed (vs. incisiform), a wider body and head (body width
11.9-15.0 vs. 6.2-8.8% SL; head width 51.8-58.4 wvs.
68.7-75.7% SL), a longer pre-dorsal length (66.0—65.2 vs.
59.2 — 64.0% SL), a longer pre-pelvic length (60.7— 65.2
vs. 54.9-56.9% SL), a deeper head (head depth 51.5-58.4
vs. 39.0-50.8% SL), a large eye (eye diameter 8.8—11.3 vs.
7.4-8.2% of the head length), a short sesamoid supraorbit-
al, about twice longer than the lacrimal (Fig. 3A; vs. long,
about four times longer, Costa 2021: fig. 2B); a well-devel-
oped postero-lateral process of the autopalatine (Fig. 3A;
vs. rudimentary, Costa 2021: fig. 2B); and a slender and
long maxilla, longer than premaxilla (Fig. 3A; vs. relative-
ly deep, shorter than premaxilla, Costa 2021: fig. 2B).
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Figure 1. Trichomycterus (Paracambeva) antiquus sp. nov., UFRJ 13674, holotype, 72.2 mm SL. A. Left lateral view; B. Dorsal

view; C. Ventral view.

Description. General morphology. Morphometric data
appear in Table 3. Body relatively deep (Fig. 1A), greatest
body depth at vertical through midway between pectoral
and pelvic-fin bases. Trunk subcylindrical to compressed
on caudal peduncle, dorsal and ventral lateral profiles
weakly convex to almost straight. Whole body, except
venter, covered with minute papillae. Small putative ax-
illary gland above pectoral fin, below lateral line, with
small orifice just posterior to opercular patch of odontodes
(Fig. 2A). Lateral line of trunk consisting of anterior min-
ute canal with two pores obliquely arranged, posterior
followed by almost imperceptible line between humeral
region and caudal-fin base with minute superficial neuro-
masts. Anterior-most pore of lateral line more ventrally
positioned than posterior one. Urogenital opening consist-
ing of transverse aperture situated in shallow depression.
Anus positioned immediately in front of urogenital open-
ing, at vertical just posterior to dorsal-fin origin.

Head sub-trapezoidal in dorsal view, dorsal surface flat
(Fig. 1B). Eye small, positioned on dorsal head surface,
nearer snout tip than posterior margin of opercle. Distance
between anterior and posterior nostrils approximately

Table 3. Morphometric data of Trichomycterus antiquus sp. nov.

Holotype  Paratypes (n=3)
Standard length (SL) 72.2 44,5-79.1
Percentage of standard length
Body depth 20.0 16.1-18.1
Caudal peduncle depth 14.7 12.1-14.9
Body width 17.3 11.9-15.0
Caudal peduncle width 6.0 4.0-8.1
Pre-dorsal length 68.1 66.0-68.5
Pre-pelvic length 62.4 60.7-65.2
Dorsalin base length 10.5 10.1-12.0
Anal-fin base length 10.1 9.2-10.3
Caudalfin length 15.3 13.1-17.6
Pectoral-fin length 10.5 12.1-13.9
Pelvic-fin length 8.2 8.2-9.2
Head length 22.8 20.4-22.1
Percentage of head length
Head depth 52.2 51.5-58.4
Head width 90.8 85.7-90.2
Snout length 52.3 40.4-49.5
Interorbital width 26.9 24.5-28.1
Preorbital length 13.8 15.5-16.1
Eye diameter 9.8 8.8-11.3
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Figure 2. Lateral view of the head, left side, of A. Trichomyc-
terus (Paracambeva) antiquus sp. nov., UFRJ 13674, holotype,
72.2 mm SL; B. Trichomycterus (Trichomycterus) maculosus,
UFRIJ 13676, 97.6 mm SL. AO, supposed axillary organ; LL
1-2, lateral line pores 1-2; PO, preopercular patch of odontodes.

half distance between posterior nostril and orbit. Tip of
nasal barbel posteriorly reaching area between orbit and
opercular patch of odontodes, tip of maxillary and rictal
barbels reaching middle of interopercular patch of odon-
todes. Mouth subterminal. Jaw teeth pointed, irregularly
arranged. Cleared and stained specimen with 48 teeth on
premaxilla, 38 on dentary. Odontodes narrow, pointed to
sub-incisiform in larger odontodes of larger specimens,
about straight, irregularly arranged, 14 orl5 on opercle
and 44 or 45 on interopercle. Cephalic latero-sensory sys-
tem comprising long canal interconnecting supraorbital,
posterior section of infraorbital, and postorbital canals,
and isolated anterior infraorbital canal. Supraorbital sen-
sory canal with three pores, s1, s3, and s6; anterior section
of infraorbital canal with two pores, il and i3; posterior
section of infraorbital canal with two pores, 110 and i11;
and postorbital canal with two pores, pol and po2. All
pores paired. Pore s6 about equidistant from orbit than
its homologous pore.

Fins thin with thick bases and convex free margins
(Fig. 1A). Anal-fin origin at vertical, immediately pos-
terior to middle of dorsal-fin base, at vertical through
base of 4" bifid dorsal-fin ray. First pectoral-fin ray ter-
minating in short filament, its length about 20% of pec-
toral-fin length. Pelvic posteriorly overlapping anus and
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urogenital papilla. Posterior extremity of pelvic fin at
vertical through area just anterior to middle of dorsal-fin
base. Pelvic-fin bases medially separated by minute in-
terspace. Caudal fin subtruncate. Total dorsal-fin rays
11 (ii + II + 7), total anal-fin rays 9 (ii + II + 5), total
pectoral-fin rays 7 (I + 6), total pelvic-fin rays 5 (I + 4),
total principal caudal-fin rays 13 (I + 11 + I), total caudal
dorsal procurrent rays 15 (xiv + I), total caudal ventral
procurrent rays 13 (xii + I).

Osteology (Fig. 3). Mesethmoid slender, T-shaped, an-
terior margin about straight, cornu narrow, longitudinal
main axis gently laterally widening close anterior margin
of lateral ethmoid. Lateral ethmoid without lateral projec-
tions. Lacrimal thin, not associated to infraorbital canal,
separated from sesamoid supraorbital by long interspace.
Sesamoid supraorbital short and slender, its length about
twice lacrimal length, its width about equal lacrimal
width. Premaxilla sub-trapezoidal in dorsal view, slight-
ly tapering laterally. Maxilla slender, boomerang-shaped,
slightly longer than premaxilla.

Autopalatine robust, sub-rectangular in dorsal view
when excluding postero-lateral process, its largest width
about half autopalatine length including anterior carti-
lage. Lateral margin of autopalatine nearly straight, me-
dial margin concave. Autopalatine posterolateral process
well-developed, triangular, its length about equal auto-
palatine length, excluding anterior cartilage. Metapter-
ygoid subtrapezoidal, deeper than long. Postero-ventral
margin of metapterygoid deeply concave, accommodat-
ing pronounced dorsal expansion of quadrate. Dorsal ex-
tremity of metapterygoid truncate, anterior margin con-
vex, posterior margin about straight. Quadrate L-shaped,
with pronounced postero-dorsal outgrowth, anterior
margin concave. Hyomandibula moderately long. An-
terior hyomandibular outgrowth deep, antero-dorsal
margin about horizontal, posteriorly followed by deep
U-shaped concavity.

Opercle elongate, slightly longer than interopercle.
Dorsal opercular process short and blunt. Opercular ar-
ticular facet for hyomandibula laterally protected by lam-
inar shield articular facet for preopercle inconspicuous.
Opercular odontode patch moderately slender, its width
about half length of dorsal hyomandibula articular facet.
Interopercle moderate in length, about equal hyoman-
dibular anterior outgrowth length. Anterior margin of in-
teropercle with pronounced anterior projection. Preoper-
cle slender, without distinctive ventral projections.

Parurohyal lateral process relatively short, with blunt
extremity, slightly curved posteriorly. Parurohyal head
well-developed, with pronounced anterolateral paired
process. Middle parurohyal foramen large, longitudi-
nally elongate. Posterior process of parurohyal long, its
length about four fifths distance between anterior margin
of parurohyal and anterior insertion of posterior process.
Branchiostegal rays 8.

Vertebrae 38. Ribs 15. Dorsal-fin origin at vertical
through centrum of 21* vertebra, anal-fin origin at vertical
through centrum of 24" vertebra. Two dorsal hypural plates
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Figure 3. Osteological structures of Trichomycterus (Paracambeva) antiquus sp. nov. A. Mesethmoidal region and adjacent struc-
tures, left and middle portions, dorsal view; B. Left jaw suspensorium and opercular series, lateral view; C. Parurohyal, ventral view.
Larger stippling represents cartilaginous areas. Abbreviations: dcm, deep concavity on the postero-ventral margin of the metapter-
ygoid; peq, pronounced expansion of the postero-dorsal quadrate outgrown; usc, deep U-shaped concavity on the dorsal margin of

the anterior hyomandibular anterior outgrown.

corresponding to hypurals 3 + 4 + 5; single ventral hypural
plate corresponding to hypurals 1 + 2 + parhypural.

Colouration in alcohol. Flank pale yellow to yellow-
ish white ventrally, with diffuse dark grey stripe along
longitudinal midline, widening and breaking into small
spots posteriorly. Great concentration of small dark grey
spots on dorsal portion of flank, no or few similar spots
on ventral portion. Dorsal surface of trunk and head pale
brown, with small, faint grey spots, ventral surface white.
Nasal and maxillary barbels pale brown, rictal barbel
white. Fins hyaline, with whitish bases. In specimen UFRJ
13681, longitudinal stripe broader and darker, brown
spots on dorsum, dorsal, and ventral portions of flank.

Etymology. From the Latin antiquus (old), referring to
the relatively old estimated age of the species lineage in
the Miocene (see below), when compared with the major
species diversification of Paracambeva in the Pliocene.

Distribution. Trichomycterus antiquus is only known
from the upper Rio do Peixe drainage, Rio Paraiba do
Sul basin, south-eastern Brazil, at altitudes between about
765 and 980 m asl (Fig. 4).

Positioning of Trichomycterus antiquus and
time-calibrated analysis

All phylogenetic analyses resulted in identical tree to-
pologies (Fig. 5), in which T. antiquus is supported as
sister to 7. itatiayae, a species endemic to another region
of the RPSB, with broad occurrence in streams draining
the Macigo de Itatiaia, a massif forming a distinct nucleus
of the Serra da Mantiqueira, and the adjacent Serra da
Bocaina (Fig. 4). The clade comprising 7. antiquus and
T. itatiayae, hereafter the Trichomycterus itatiayae group,
is supported as sister to a clade comprising all other spe-
cies of Paracambeva known as the T. reinhardti species
group (Costa 2021; Costa and Katz 2021). The indepen-
dent analysis of individual gene trees indicated that all

loci collaborated for this topology, since all gene trees
corroborated monophyly of Paracambeva and both the
RAG?2 tree and the mitochondrial locus tree corroborat-
ed monophyly of the clade comprising 7. antiquus and
T itatiayae, which is supported in both trees as sister to a
clade comprising the remaining species of Paracambeva
(Suppl. material 2). The age of the Paracambeva lineage
was estimated at about 24.5 Ma, Late Oligoceno (95%
HPD age interval 15.68-36.01), whereas according to the
analysis, the divergence between the 7. itatiayae group
and the 7' reinhardti group occurred at about 14.9 Ma,
Middle Miocene (95% HPD age interval 7.16-24.84),
and between T. antiquus and T. itatiayae at about 9.8 Ma,
Late Miocene (95% HPD age interval 4.74-16.87).

Temporal origin of similar colour patterns

The presence of a broad black longitudinal stripe along
the midline of the flank in juveniles, which often gradu-
ally becomes diffuse and fragmented into small spots in
adults, combined with dark spots on the dorsum, occurs
in most species of Paracambeva (Costa 2021; Costa and
Katz 2021; Costa et al. 2023b), as well as in most species
of the T nigroauratus group of the subgenus Trichomyc-
terus (e.g., Barbosa and Costa 2008; Costa et al. 2022).
However, the specific colour pattern described here for 70
antiquus and T. maculosus above about 70 mm SL, includ-
ing a narrow stripe that posteriorly breaks into small spots,
combined with the scarcity or absence of dark spots on
the ventral part of the flank, occurs only in these two spe-
cies and in 7 itatiayae (Barbosa and Costa 2008: fig. 5).
According to our analysis, this specific pattern would
have first appeared in the ancestor of the clade comprising
T. antiquus and T. itatiayae, around 14.9 Ma (95% HPD
age interval 8.87-23.64), and a second time in the exclu-
sive ancestor of 7 maculosus, around 2.3 Ma (95% HPD
age interval 0.85—4.56) (Fig. 5; Suppl. material 3).
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Figure 4. Map of south-eastern Brazil, showing: A. Geographical distribution of the Trichomycterus (Paracambeva) itatiayae
group (delimited by a white dotted line), the Trichomycterus (Paracambeva) reinhardti group, and the subgenus Trichomycterus;
B. collecting sites of 1, Trichomycterus (Paracambeva) antiquus sp. nov., and 2, Trichomycterus (Paracambeva) itatiayae. RSJ]

means Rio Sao Joado; stars indicate type localities.

Discussion

Temporal diversification and biogeographical
context

According to a recent biogeographical analysis, the most
recent common ancestor of Paracambeva lived in an area
presently occupied by the upper Rio Parana, upper Rio
Sdo Francisco, and Rio Paraiba do Sul basins (Vilardo et
al. 2023). Presently, Paracambeva occupies a large region
encompassing these three basins, with the 7. itatiayae
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group occurring in a portion of the RPSB between the
Rio do Peixe and the area close to the Serra da Bocaina
and the T reinhardti group occurring in a broad area of
the upper Rio Parana and upper Rio Sdo Francisco basins
(Fig. 4). Timing estimates support a Late Oligocene ori-
gin for the Paracambeva lineage and a Middle Miocene
age for the split between the 7. itatiayae and T. reinhardti
groups (Fig. 5). Despite conclusive hypotheses about the
time of origin of the present configuration of these basins
that are not yet available, geological data point to a past
connection between the upper section of the Rio Paraiba
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Figure 5. Time-scaled tree obtained from the Bayesian analysis in Beast for 28 species of Trichomycteridae and 4 species as out-
groups, using a multigene data set (COX1, CYTB, RAG2, and MYH6 with a total of 3144 bp). Asterisks (*) indicate maximum
support values, and dashes (-) indicate support values below 50. Black stars indicate the calibration points, and the coloured bars
below the tree represent the geological epochs. Numbers above branches indicate posterior probabilities of the Bayesian Inference,
followed by SH-aLRT support (%) and ultrafast bootstrap support (%) of the Maximum Likelihood (ML) analysis; blue numbers
below nodes indicate its median age; Red dots after species names indicate the syntopic species discussed in this paper.

do Sul, above the area close to the Serra da Bocaina, and
the Rio Parana basin (King 1956; Riccomini et al. 2010),
and between the upper section of the latter basin and the
upper section of the Rio Sado Francisco basin (Rezende
et al. 2018). Therefore, the present distribution of Para-
cambeva and our estimates for the time of origin of this
subgenus fit into this model of river basin evolution, with
the rupture between the upper Paraiba do Sul and the
Parana-Sao Francisco basin that would have occurred in
the Paleogene (Riccomini et al. 2010) corresponding to
the divergence between the 7. itatiayae and T. reinhardti
groups, which preceded the rupture of the connection be-
tween the upper Rio Parana and upper Rio Sao Francisco
basins during the Middle Miocene (Rezende et al. 2018),
corresponding to the wide distribution of the 7_ reinhardti
group in these basins (Fig. 4; Costa and Katz 2021).

On the other hand, temporal estimates indicated the
origin of the subgenus Trichomycterus lineage in the
early Miocene. The biogeographical analysis performed
by Vilardo et al. (2023) indicated that the MRCA of the
subgenus Trichomycterus inhabited an ancestral area
comprising only the Rio Paraiba do Sul, contrasting with
its present distribution that includes both this basin and
smaller coastal basins (Fig. 4; Costa 2021). However,
geological data support a Cenozoic configuration of the
RPSB different from the present one, in which its lower
course corresponded to the present lower course of the Rio
Sao Joao (Riccomini et al. 2010), which is now an isolat-
ed coastal basin. Thus, geological data are congruent with
the hypothesised ancestral area of the subgenus in the Rio
Paraiba do Sul alone, which in the past did not include the

present upper course but included a present coastal basin
in its lower course. The upper course of the RPSB proba-
bly was blocked for dispersion of trichomycterine catfish-
es that live in fast flowing streams by the great depression
in its main channel responsible for the formation of the
paleolake Tremembé during the Oligocene (Riccomini et
al. 2004). Thus, it is possible that these two subgenera
lineages, Paracambeva and Trichomycterus, were not in
contact in the upper Rio Paraiba do Sul before the Middle
Miocene. The origin of the specific colour pattern shared
by the syntopic T antiquus and T. maculosus is estimated
to have occurred first in the 7. itatiayae group during the
Middle Miocene and much later in 7. maculosus during
the Late Pliocene in T maculosus, which is compatible
with the hypothesis of a more recent occupation of the
upper RPSB by the subgenus Trichomycterus.
Interestingly, the other case involving similarly co-
loured syntopic species of trichomycterines from east-
ern South America involves T itatiayae, the sister group
of T antiquus, and T. nigroauratus, the sister group of
T maculosus (Fig. 5). These two species are endemic to
streams of the RPSB draining the Serra da Mantiqueira
and the adjacent Serra da Bocaina (Barbosa and Costa
2008) and are commonly found associated with bottom
leaf litter (Costa 2021). Juvenile specimens of these spe-
cies share a colour pattern consisting of a broad black
longitudinal stripe along the flank midline, whereas larger
specimens assume a different colour pattern (Barbosa and
Costa 2008). A broad black longitudinal stripe is pres-
ent in all other species of Paracambeva (Costa and Katz
2021; Costa et al. 2023b), therefore already present in the
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MRCA of this subgenus, whereas this colour pattern is
present in part of the species of the 7. nigroauratus group
among species of the subgenus Trichomycterus (Costa et
al. 2022), thus arising after the initial diversification of
this group. Considering the estimated age of Paracam-
beva in the Late Oligocene and the initial diversification
of the 7. nigroauratus group in the Late Pliocene, over
20 million years later, the most plausible hypothesis is
that the colour pattern in the 7. nigroauratus group had
arisen after this group was in contact with species of
Paracambeva in RPSB.

Possible explanations for the occurrence of
syntopic trichomycterines with similar colour
patterns

The sympatric occurrence of distantly related species
of Neotropical catfishes exhibiting similar derived co-
lour patterns has been often aprioristically considered as
primary evidence of mimetic association (Axenrot and
Kullander 2003; Alexandrou et al. 2011; Slobodian and
Bockmann 2013), but may also be a result of evolution-
ary convergence for adaptation to live in special habitats
like those occurring among sympatric psammophilic spe-
cies (Zuanon et al. 2006; Costa et al. 2020c). Therefore,
the occurrence of two species of Trichomycterus in the
same habitat sharing the same colour pattern (Figs 1A,
6) but belonging to two distantly related subgenera could
suggest a case of mimetic association or convergence for
adaptation to live in a gravel bottom where both species
were found, since their colour pattern is cryptic in this
habitat. However, direct evidence to explain syntopic
trichomycterines with similar colour patterns is not avail-
able for any of these hypotheses.

In the case of evolutionary convergence for adaptation
to live in special habitats, a possible explanation is that
the colour pattern gives these two species some cryptic
advantage in their habitat against predators since the co-
lours are similar to the gravel substrate where they live.
In the case of mimetic associations, including both Bate-
sian and Miillerian mimicry, the model species (Batesian)
or both species (Miillerian) have effective anti-predation
features, which among catfishes usually comprise venom
glands associated with fin spines (Wright 2009; Harris
and Jenner 2019). For example, in mimetic associations

involving siluroids with a well-developed pectoral-fin
spine, the main anti-predation morpho-physiological
attribute is the presence of an axillary venom gland as-
sociated with a pungent pectoral-fin spine (e.g., Greven
et al. 2006; Wright 2011; Carvalho et al. 2021). The de-
fence mechanism involves not only glands and the pec-
toral-fin spine but also special muscles and connective
tissue (Wright 2015; Harris and Jenner 2019). However,
mechanisms for anti-predation in trichomycterines are
still unknown, and potential trichomycterine predators
living in the Rio do Peixe drainage have not been pres-
ently recorded, although the Neotropical otter Lontra lon-
gicaudis (Olfers, 1818) and the catfish Steindachneridion
parahybae (Steindachner, 1877) today rare or absent in
the region, were until recently potential predators.
Although anti-predation features consisting of venom
glands associated with fin spines occur in most catfish
lineages (Wright 2009, 2015), they are unknown among
trichomycterids. Unlike other catfishes, trichomycterids
do not have pectoral and dorsal spines. In a survey on
the presence of venom axillary glands in catfish lineag-
es, Wright (2009) did not detect them in ‘Trichomycter-
us’ areolatus Valenciennes, 1846, concluding that these
glands are not present in trichomycterids. However, a
supposed axillary gland (e.g., Eigenmann 1918) or su-
prapectoral adipose organ according to Myers and Weitz-
man (1966) and axillary organ according to de Pinna
(1989), situated at the same place as the venom axillary
glands of other catfishes and having a similar orifice,
have been superficially described for candirus and other
trichomyecterids (e.g., Eigenmann 1918). This supposed
axillary gland, comprising a sack-like protuberance
above the pectoral fin and just below the anterior pores of
the lateral line of the flank, is also present in trichomyc-
terines (Fig. 2), which is proportionally smaller than in
other trichomycterids (e.g., sarcoglanidines, Myers and
Weitzman 1966), with an orifice that is more conspicu-
ous in juvenile specimens below about 40 mm SL, often
having a great concentration of melanophores around its
margin. Both 7. antiquus and T. maculosus have a small
axillary gland-like protuberance below the short lateral
line canal and above the pectoral fin (Fig. 2). The absence
of a pectoral spine in trichomycterids also imposes a lim-
itation on the possibility of the axillary organ acting as
a venom gland. Nonetheless, the stinging action of the
opercular odontodes, which are located close to the ax-

Figure 6. Trichomycterus (Trichomycterus) maculosus, UFRJ 13676, 97.6 mm SL, left lateral view.

zse.pensoft.net



Zoosyst. Evol. 100 (2) 2024, 755-767

765

illary gland-like protuberance (Fig. 2) and may become
bristly when the fish is molested, could be performed as
the pectoral spine of other catfishes. However, a more
detailed morphological study at the histological and bio-
chemical level is necessary to investigate the presence of
glandular tissue and toxic substances in 7. antiquus and
close relatives, which is not presently possible with the
small sample of specimens currently available. Future
studies are necessary to check what hypothesis best ex-
plains the unexpected syntopic occurrence of similarly
coloured 7. antiquus and T. maculosus.
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